Introduction {#sec1-1}
============

Low dose injectable Methotrexate at a dose of 40 mg/m^2^ weekly is a standard palliative chemotherapy option in head neck cancer.\[[@ref1]\] Although platinum based doublet chemotherapeutic regimens have demonstrated improved response and disease free survival they do not result in an improvement in the overall survival.\[[@ref2]\] In view of the better response and increased symptom free duration, platinum based doublet chemotherapy remains the standard chemotherapeutic regimen of choice for patients with a good performance status and young age. The EXTREME trial reporting an unprecedented 3 months improvement in the overall survival with the addition of Cetuximab to standard Cisplatin and 5-Fluorouracil.\[[@ref3]\]

Unfortunately the high cost of Cetuximab, as well as the greater toxicity prevents regular use of this regimen in the our setting. In patients who are having a poor performance status, advanced age and co-morbidities or those who have had failure after platinum based chemotherapy options are more limited. In these circumstances use of single agent Methotrexate gives acceptable palliation of symptoms. The present study highlights our experience with a metronomic fortnightly regimen of injectable Methotrexate in a predominantly elderly population.

Materials and Methods {#sec1-2}
=====================

The study protocol was approved by the Institutional Review Board, which allowed a consent waiver in view of the retrospective nature of analysis. This was a retrospective audit carried for patients started on palliative fortnightly MTX between 1^st^ January 2011 and 31^st^ December 2011. Patients were included if they had squamous-cell carcinomas originating in the oral cavity or the oropharynx irrespective of the initial treatment status. Patients should have received at least one cycle of MTX to be considered eligible for this study in order to get data regarding compliance with the treatment schedule in addition to efficacy. Patients who were treated for second primaries, non-squamous-cell histology or other sites of origin were excluded.

The decision to start this regimen for an individual patient was taken after a multi-specialty board meeting involving the surgical, radiation, medical oncologists and the palliative care physicians where alternative treatment approaches including surgery and re-irradiation were fully discussed. In addition, potential logistical difficulties with a weekly regimen were also discussed. The regimen was started only for patients who provided consent and who had advanced unresectable disease or with poor performance status Eastern Cooperative Oncology Group (ECOG PS 2-3) and advanced age (60 or more) which precluded surgery or those who had failed after salvage treatment. Prior to each cycle, patients had their blood counts (hemoglobin, total count, platelet count and differential count) and renal function (urea and creatinine) checked. All patients received injection MTX at a dose of 40 mg/m^2^ on 1 day and repeated every 14 days. No premedications were given. Treatment was continued until patient refusal, disease progression and general deterioration of health or death. During each cycle, MTX was administered as a bolus intravenous (IV) infusion over 10-15 min. At each visit, patients were jointly reviewed by the palliative care specialist and the treating oncologist in order to optimize pain control and symptom management. Patients received analgesics as per the World Health Organization analgesic ladder.

For each patient, we collected the clinical and demographic data regarding the disease stage, initial treatment and treatment at relapse. Patients were defined as elderly if the age was ≥60 years. Disease regression was assessed clinically at each visit with imaging performed only where progression was suspected clinically. Pain control was also evaluated from the clinical notes and date of pain progression was noted for these patients. Patients who had improved or stable pain were censored at the last date of follow-up. Median follow-up duration was calculated from a Kaplan Meier analysis of overall survival in which the censor and deaths were reversed. Overall survival and time to progression were calculated from the date of start of palliative chemotherapy. The cut-off date for the analysis was 15 October 2012. Patients who had not come for follow-up for longer than 1 month were called up to determine their status. If they could not be contacted through phone calls, they were presumed as dead of progressive disease on the date of their last follow-up. In addition, patients in whom there was clear evidence of disease progression or general deterioration were presumed dead if their last date of follow-up was greater than 2 weeks from the date of analysis. Other patients were censored on the last date of follow-up or the date at which they were called up whichever was later. Actuarial survival was calculated using the Kaplan Meier method along with the log rank test to compare the survival between categorical variables. Cox regression was used for multivariate analysis of factors influencing overall survival. Descriptive statistics for continuous variables included the median, range and the interquartile range (IQR). Bonferroni correction was applied to correct for bias arising out of multiple comparisons. Statistical analysis was done using Statistical Package for Social Sciences (SPSS) version 16.0 (SPSS, IBM Corporation, Armonk, New York, USA).

Results {#sec1-3}
=======

Between 1^st^ January 2011 and 31^st^ December 2011, 60 patients started palliative fortnightly MTX. The median duration of follow-up was 73 weeks. The median age of this cohort was 66.5 years (range: 40-94 years; IQR: 15.75). About 77% of the patients were above the age of 60 years. The complete demographic profile of the patient population is provided in [Table 1](#T1){ref-type="table"}. The majority of the patients belonged to the lower socio-economic stratum, with advanced stage oral cavity carcinomas at presentation. Buccal mucosa was the commonest sub-site (48.3%) followed by oral tongue (18.3%).

The initial treatment was given with curative intent in 29 (48.3%) and with palliative intent in 31 (51.7%). All patients treated with palliative intent radiotherapy received 20 Gy in 5 fractions. The details of the initial treatment taken are presented in [Table 1](#T1){ref-type="table"} stratified according to the intent of treatment. All patients with Stage I disease were treated initially with curative intent. Six patients with stage III disease were initially treated with palliative intent treatment as they were elderly (median age 80 years, range 75-85 years) and had a poor performance status (ECOG 2 or more). All of them had disease in the oral cavity and surgery could not be done in view of age and associated co-morbidities. Two of these patients had poorly controlled diabetes; one had recent history of myocardial infraction while remaining three had severe chronic obstructive pulmonary disease. None of the patients had received neo-adjuvant chemotherapy.

55 patients (91.7%) had a local-regional residual disease or recurrence prior to start of MTX. In the remaining, 2 (3.3%) patients had distant metastasis and 3 (5%) patients were started on MTX at presentation as they had refused radiotherapy or surgery. In the 19 (31.6%) patients with recurrent disease the median time to recurrence was 21 months after the initial definitive treatment. 11 of these 19 (57.8%) patients with recurrent disease had in addition received some form of salvage treatment prior to starting MTX \[[Table 2](#T2){ref-type="table"}\]. However, by the time of start of MTX all patients had recurred. Pathological confirmation of recurrence was obtained in all these patients prior to initiation of therapy.

###### 

Details of initial treatment, patterns of recurrence and salvage treatment other than methotrexate
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###### 

Multivariate analysis of various prognostic factors influencing overall survival in the study population using cox regression method
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Prior to starting MTX, severe pain requiring step III analgesics was present in all patients. In addition to this, mucosal ulceration due to disease was present in 54 (90%) patients. Eight patients (13.3%) had fungating local or nodal disease while severe trismus was present in 14 patients (23.3%).

The median durations between starting MTX after recurrence or palliative radiotherapy were 56 and 50.5 days respectively. The median number of MTX cycles delivered was 9 (range: 1-30, IQR: 9.75). The median total MTX dose delivered was 425 mg (range 50-1500 mg; IQR: 437.5 mg). Dose reductions in MTX were required in five patients due to toxicity and in these patients the median total dose delivered was 90% of the planned dose (range: 84-98%; IQR: 10%). Five patients had an interruption in the treatment with MTX. In these patients, the median duration of treatment interruption was 17 weeks (range: 1-29 weeks; IQR: 21 weeks). These treatment interruptions were due to treatment related toxicity in 3 patients while in two patients treatment was stopped on patient request after complete clinical regression. Nine patients wanted to continue treatment at a local palliative care center as they were unable to commute every 2 weeks. In the remaining patients, treatment was stopped because of disease progression in 22 (36.7%) and patient refusal in 12 (20%). 23 (38.3%) patients stopped treatment without informing us of the reason. Follow-up telephone calls in these patients revealed that two patients were still alive but not willing to continue further treatment while remaining 21 patients had died with a median time to death of 3 weeks after the last visit.

At the end of treatment, the disease control was maintained in 33 (55%). Complete clinical regression was seen in 2 (3.3%) patients, whereas partial regression and static disease were seen in 9 (15%) and 22 (36.7%) patients respectively. In these patients, both the size and the ulceration of the disease reduced or remained static. In one patient with a good regression salvage surgery was done and the patient is presently disease free at last follow-up (13.5 months post-surgery). In the remaining 27 (45%) patients, there was documented disease progression at the end of the last cycle for which MTX was stopped. Pain was controlled without requiring increasing doses of morphine till the last follow-up in 34 patients (56.7%). The median duration of pain control without increased opiates was 57 weeks (IQR: 21-85 weeks) from start of palliative MTX \[[Figure 1](#F1){ref-type="fig"}\]. While good relief in pain ulceration and fungation was noted in the responding patients none of the patients had any improvement in trismus.

![Kaplan Meier Survival curve of duration of pain control (panel A), overall survival (panel B) and progression free survival (panel C) in weeks. Numbers in the bottom of the figure represent the number at risk](SAJC-3-166-g003){#F1}

At the end of last follow-up, 8 (13.3%) patients were alive out of which 2 patients who had a complete clinical regression were also disease-free. The median overall survival for the entire population was 34 weeks (IQR: 17-50 weeks). The proportion of patients surviving at the end of 6 months and 1 year were 65% and 19% respectively. The median progression free survival after starting MTX was 25 weeks (IQR: 11-40 weeks) \[[Figure 1](#F1){ref-type="fig"}\].

Multivariate analysis with Cox regression showed that the initial performance status and disease site were significant predictors of overall survival \[[Table 2](#T2){ref-type="table"}\]. After Bonferroni correction, none of the variables were found to have a statistically significant influence on the survival.

Treatment was generally well-tolerated with Grade 3-4 toxicity limited to neutropenia in two patients. None of the patients had derangement of hepatic or renal function during treatment. [Table 3](#T3){ref-type="table"} details the various toxicities experienced by the patients. All toxicities were graded following the Common Terminology Criteria for Adverse Events version 4.02 grading schema. None of the patients required hospitalization for any toxicity.

###### 

Frequency of various toxicities experienced by the patients during treatment with methotrexate
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Discussion {#sec1-4}
==========

Results from various prospective studies \[[Table 4](#T4){ref-type="table"}\] show that IV Methotrexate is associated with an overall response rate in the range of 15%-25% and a disease stabilization rate of 40-60%. The median overall survival reported in these studies is less than 30 weeks.\[[@ref1][@ref2][@ref4][@ref5][@ref6][@ref7][@ref8]\] All these studies were phase II/III trials comparing Methotrexate against a variety of other chemotherapeutic agents and combination chemotherapy. None of the studies demonstrated a clinically significant improvement in the overall survival over and above that produced by Methotrexate alone.

###### 

Results of single agent methotrexate based chemotherapy arms from various randomized studies
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The skewed distribution of major cancers centres concentrated in and around urban centres results in several logistical and financial challenges for the patients hailing from rural areas when weekly treatments are advised. In the present study around 40% patients stopped coming to the hospital for treatment once their disease started progressing or when they became asymptomatic. Hence the present fortnightly regimen was given in these patients.

One study published by Campbell *et al*. in 1987 compared such a fortnightly regimen with cisplatin, cisplatin -5FU and Methotrexate and 5-FU.\[[@ref9]\] In this study of 200 patients divided in four arms showed that the fortnightly regimen of Methotrexate results in a disease control rate of 38% and a median overall survival of around 4 months (extrapolated from the survival curve). However only 28% of the patients had oral cavity disease in this cohort with a mean age of 65 years.

In the present study fortnightly Methotrexate gave encouraging results in a cohort of mainly elderly patients with oral cavity cancers. The overall survival and disease control rates are comparable to other studies despite the low dose density achieved due to fortnightly administration. In a small study Patil *et al*. have reported a disease control rate of 67% and PFS of 21 weeks with low dose methotrexate based metronomic chemotherapy.\[[@ref10]\] Conversely studies employing a higher dose of Methotrexate have failed to show an improvement in the overall survival as compared to standard weekly Methotrexate.\[[@ref11]\] The biological reason for this apparent difference may be related to the finding that the dihydrofolate reducatase content in human squamous-cell carcinomas is low and easily saturable by even low doses of Methotrexate.\[[@ref12][@ref13]\]

The present study has several weaknesses inherent in its retrospective design. Systematic evaluation of quality of life or pain scores was not done. Most of the disease regression is noted clinically which gives a more generous estimate of the response. Also due to the retrospective nature of data analysis toxicity is likely to be underestimated. The better survival experienced by patients may also be due to large majority of these patients had non metastatic disease and oral cavity cancers, both factors known to be associated with a better survival in some studies.\[[@ref1][@ref9]\]

In order to minimize the potential of a selection bias for this study we have analysed the results of all patients with oral cavity and oropharyngeal tumors who had started Methotrexate within a one year period irrespective of the number of treatments taken. However given the retrospective nature of the study selection bias cannot be ruled out.

The strength of the present study is that the study patients are representative of head neck cancers encountered in our country with a preponderance of buccal mucosal cancers. Fortnightly Methotrexate has encouraging activity along with a low toxicity profile in such patients. Given the high incidence of these cancers in our country this cheap, well tolerated and effective palliative chemotherapy regimen merits further evaluation in well designed prospective trials.

Conclusion {#sec1-5}
==========

Fortnightly Methotrexate shows good clinical activity in this subset of oral cavity cancers in a predominantly elderly patient cohort from the Indian subcontinent. The cheap and easily administered regimen has good disease control rates as well as low levels of toxicity. In addition the fortnightly nature of visits has logistical and economic benefits for a rural population with limited financial resources. We do intend to test this schedule against other metronomic schedules in our population in the coming months.\[[@ref15]\]
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